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Renal replacement therapy

Dialysis and kidney transplantation
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Very Expensive

€ 70000 - 90000 per year per patient Clin Kidney J (2014) 7: 227-238



Slide provided by Prof. Joerg Vienken

Dr. W. Kolff and
Rotating Drum
(1911 - 2009)

Sophia Schafstadt (1945)
(suffering from acute renal failure)

The first patient kept alive till kidney
function was restored.




Current therapy ((&
)

e Clearance of solutes:
— water soluble, low molecular weight
— (some) middle molecules

— Not - Protein-bound solutes

Blood HD Patients
) _ Urea
* Not - continuous cleaning  Level ls\lo;mal
ubjects

l Dialytic treatments
e Blood urea level

Normal range

Vanholder, Kidney International 2003
Lee, Clinical and Experimental Nephrology 2008



Protein-bound solutes
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Pavlenko et al, Nature Scient. Reports (2016)
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Mixed matrix membrane

blood ~
} porticle free polymeric. == PES/PVP inner layer
. . - memobrane layer
mixed matrix
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Sulfone Arylether
SOz and @—O——
Py Biomaterials 34 (2013) p7819

@“ ‘@°0‘@‘ ? Blood Purif., 37 (2014) p1

Polyethersulfone (PES) = Polyarylethersulfone 'l' Mater‘ Chem' Bl 1 (44) (2013) p6066

Oso;@ﬂ,_ Acta Biomater. 8 (2012) p2279.



* Hippuric acid ﬂ 'l
* Indoxyl sulfate ‘s~ EZ

* P-cresyl sulfate )

MMM concept



PES/ PVP based MMM
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Biomaterials 34 (2013) p7819

Blood Purif., 37 (2014) p1

J. Mater. Chem. B, 1 (44) (2013) p6066
Acta Biomater. 8 (2012) p2279.



¢ MMM 3.0 = 600 mg/m?
< 0.15 m?2 MMM for complete

removal of PBUT uc=175
SCalbumin=0
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Blood compatibility

Surface
Mermbrane ';rea WBC RBC PLT TAT C5a  Hemolysis
5 [%] [%] [%] [ng/L] [ng/L] [%]
[em?]
MMM 58 88 + 3 10042  72+10 1346 8+3 0.4+0.1
Polysulphone
250 78411  101+7 60+ 9 40 +29 8+6 03+0.1
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Xcorlab




The past

The present

The future
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Glomerulus

Proximal tubule

Bioartificial kidney - Concept

Afferent

1. Water-soluble
low molecular
weight (LMW)
compounds

arteriole

—— Efferent
arteriole

2. “Middle
Molecules”
(High MW)

3. Protein-
bound
compounds

Peritubular
capillary

Tubular
secretion

=» Blood flow

Stamatialis et al, IJAO editorial, 2017



Transport in renal proximal tubule cells
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Membranes for BAK, Chapt. 5,Biomedical membranes and (bio)artificial organs”,

D. Stamatialis Ed, Publisher: World Scientific, 2017, ISBN: 978-981-3221-75-8
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Prof. R. Masereeuw

Utrecht University Cell Origin and function

T1 T2
b 21.11 C 21.2

average cell size: 10.9 um £ 0.6 average cell size: 19.4 um + 0.8*** average cell size: 21.7 um + 0.6***

B Immortalization:
1. SV4A0T tsA58 U19
2. hTERT Wilmer et al. Cell Tissue Research 2010

Jansen, Schophuizen, et al., Exp. Cell Res. 2014
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“Living HFM"”

Prof. R. Masereeuw
Utrecht University Chevtchik et al, European Journal of Pharmacology, 2016,



Functional assays of PTEC on single hollow fibers
Organic anion transporters (OAT)
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Prof. R. Masereeuw
Utrecht University Jansen J., Fedecostante M. et al. Nature Sci. Rep. 2016




CiPTEC
with OAT

Pro-inflammatory
cytokines x10 higher
“Urine” compartment

Polarized secretion of
immune response
mediators

Chevtchic et al, JTERM,

A 1 Intraluminal (basolateral) exposure Extraluminal (apical) exposure
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s IL-6 (~24-25 kDa)
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It is challenging!

From
Molecule

Biomaterial
Science

Biomaterial
Processing

Interface
Science

Chair
| lBio)artiﬁciaI'|
\  organs /

Mass
Transport

Module
Design

Complexity increases

Artificial to Bioartificial to.. tissue engineered...

From extracorporeal to implantable...

It takes time

In vitro to in vivo

Biome

arica |
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Dimitrios Stamatialis
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